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Aim. To examine the formation of supramolecular complexes of biogenous rhamnolipids with membrane
phospholipids that is considered as a molecular mechanism of the biosurfactants antimicrobial action.
Method. In the present work rhamnolipid biosurfactant samples produced by Pseudomonas sp. PS-17 strain 
have been investigated by electrospray ionization mass spectrometry for the first time. Results. As a result
of the study, characteristic mass spectra of the rhamnolipid samples were obtained, that can be used as
reference spectra for mass spectrometric identification of the compounds in any biological or industrial
samples. At the next stage of the experiments the pair systems, containing  the biosurfactants and a
membrane phospholipid dipalmitoylphosphatidylcholine, have been tested. The cationized noncovalent
complexes of the rhamnolipids with the phospholipid were observed in the spectra. Conclusions. The results 
obtained testify to the consideration that rhamnolipids (similar to other membranotropic agents) can form
stable supramolecular complexes with membrane phospholipids that are able to evoke the biosurfactants
antimicrobial action. A great potential of electrospray ionization mass spectrometry for the biosurfactants
identification and study has been demonstrated in the work. 
Keywords: rhamnolipids, phospholipids, mass spectrometry, electrospray ionization (ESI), noncovalent
complexes.
Introduction. Surface active compounds of natural or
biotechnological origins including rhamnolipids, being 
widely investigated in a number of studies [1–8], are
perspective antimicrobial agents for application in
modern technologies in pharmacology, cosmetology,
food industry and agriculture. The biogenic surfactants
are produced by special strains of microorganisms or
plants [1–3, 7]. The advantages of these surfactants as
compared with synthetic ones are non-toxicity,
biodegradability and ecological safety. Biosurfactants
belong to the class of amphiphilic compounds the
molecules of which contain hydrophobic and hyd-
rophilic parts. Owing to the unique physicochemical
properties, these compounds reveal membranotropic
activity [4, 8], and, therefore, the considered molecular
mechanism of the surfactants antimicrobial action is
their interaction with bacterial membrane structures
[6]. In the present work the samples of rhamnolipid
biosurfactants produced by Pseudomonas sp. PS-17
have been investigated by electrospray ionization (ESI) 
mass spectrometry (MS) for the first time. 
Materials and Methods. The samples of biosur-
factants studied – mono- (RL1) and di- (RL2) rhamno-
lipids – were obtained from the Department of Physical 
Chemistry of Combustive Minerals, Institute of Physi-
cal-Organic Chemistry, NAS of Ukraine, Lviv. The
rhamnolipid biosurfactants were produced naturally by 
a bacterial strain Pseudomonas sp. PS-17 and obtained
by the method described in [9]. The extracted mixture
of di- and monorhamnolipids was separated by thin
layer chromatography. However the final sample of
RL1 contained an admixture of RL2 and vice versa that
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was shown in the MS spectra. The structures of mono-
and dirhamnolopids, L-Rhamnosyl-β-hydroxydeca-
noyl-β-hydroxydecanoate (RL1, Mr = 504 Da) and L-
Rhamnosyl-L-rhamnosyl-β-hydroxydecanoyl-β-hyd-
roxydecanoate (RL2, Mr = 650 Da), are presented in the 
Scheme a and b, respectively. 
Methanol (Super grade), being used as a solvent,
was purchased from Lab-Scan (Ireland). 
The synthetic phospholipid dipalmitoylphosphati-
dylcholine (C40H80NO8P, Mr = 734 Da) was purchased
from ALSI, the company distributing the SIGMA-
ALDRICH products in Ukraine (Kyiv, Ukraine). 
MS data were obtained in the positive ion mode, us- 
ing a mass spectrometer API 2000 quadrupole HPLC-
MS/MS (Perkin Elmer Sciex, Canada) equipped with 
the Turbo IonSpray source. This source was operated
in the standard ESI mode. The ESI source temperature
was set to 200 °C. Curtain gas (N2) back pressure of
0.14 MPa (20 units), nebulizer gas (N2) of 0.42 MPa
(60 units) and turbo gas (N2) of 0.21 MPa (30 units)
were applied. Ion source capillary voltage was set to
4 kV. The typical declustering potential value was
35 V, focusing potential value –200 V and entrance po-
tential –10 V. ESI spectra were recorded in the mass
range of m/z 100–4000. Data acquisition and proces-
sing were performed using Analyst 1.4.1 software. 
Results and Discussion. At the first stage of the
study solutions of the samples of RL1 and RL2 in
methanol with the final concentration of 250 µM were
investigated by ESI MS and characteristic spectra of
the biosurfactants were obtained. The spectra regis-
tered are in a good agreement with the MS spectra of
rhamnolipid samples produced by another strains of
microorganisms and investigated in [10, 11]. The peaks 
of cationized molecules of rhamnolipids were regis-
tered in our spectra: [RL1:Na]+ at m/z 527, relative
abundance (RA) 100 %, [RL1:K]+  at m/z 543, RA 19 % 
for the monorhamnolipid (Fig. 1, A); [RL2:Na]+ at m/z
673, RA 100 %, [RL2:K]+ at m/z 689, RA 39 % for the
dirhamnolipid (Fig. 1, B). Cationization as a way of ion
formation is characteristic for the electrospray method
of ionization [10, 12]. These peaks of the compounds
can be used as reference peaks to reveal rhamnolopids
in any biological samples or biotechnological products
by ESI MS method and to study the compounds in-
teractions with target biological molecules. 
At the next stage of the experiments  the  interaction 
of these biosurfactants with membrane phospholipid
dipalmitoylphosphatidylcholine (PL) was examined.
The spectra of the systems RL1 + PL (1:1) (Fig. 2, A)
and RL2 + PL (1:1) (Fig. 2, B) contain ions related to
the individual components of the mixtures, namely the
peaks of the above cationized rhamnolipid molecules
and the peaks originated from PL: [PL:H]+ at m/z 735,
[PL:Na]+ at m/z 757, [PL:K]+ at m/z 773.
However, the most interesting result from the
biophysical point of view relates to the observation in
the spectra of the ions of noncovalent  complexes of the 
rhamnolipids with the phospholipid molecules:
[RL1:PL:Na]+ at m/z 1261, RA 8 %; [RL1:PL:K]+ at m/z
1277 with RA 4 % for RL1 (Fig. 2, A) and
[RL2:PL:Na]+, m/z 1407, RA 12 %; [RL2:PL:K]+, m/z
1423, RA 4 % for RL2 (Fig. 2, B). The experimental
detection of the stable cationized supramolecular com-
plexes of rhamnolipid and phospholopid molecules in
the mass spectra is a nontrivial result which confirms a
high stability of the complexes being sprayed from the
solution under high ion source capillary voltage (4 kV). 
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Scheme. Rhamnolipid RL1 (a) and  Rhamnolipid RL2 (b) 
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In ESI MS, which is widely used for investigating
noncovalent complexes, it is assumed that the ions of
supramolecular complexes registered in the spectra
reflect the composition of the liquid sample and can be
used to characterize the complexation processes
occurring in the solution [12]. The formation of the
noncovalent complexes of membranotropic rhamno-
lipids with membrane phospholipids is considered as a
possible molecular mechanism of antimicrobial ac-
tivity of the biosurfactant studied. The supramolecular
complexes of the rhamnolipids with phospholipids can
affect the liquid-crystalline state of the membrane lipid
matrix of microorganisms and disturb some membrane
processes, including cells transport and breathing, like
it was reported for another membranothropic agent,
bisquaternary ammonium compound decamethoxi-
num,  having been  studied in our previous investiga-
tions [13]. 
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Fig. 1. ESI mass spectra of RL1 (A) and RL2 (B) sample
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Fig. 2. ESI mass spectra of the RL1 + PL (A) and RL2 + PL (B) mixture in MeOH 
Conclusions. In the present study the biogenic
rhamnolopid biosurfactants produced by Pseudomonas 
sp. PS-17 have been investigated by the ESI MS for the
first time. In the spectra of rhamnolipid samples
solutions in MeOH the intensive peaks of cationized
molecules of the compounds were registered that de-
monstrates the great potential of ESI MS method for
the identification of biosurfactants in different samples. 
As a result of the ESI MS investigation of the mixtures
of rhamnolipids and dipalmitoylphosphatidylcholine
(1:1), the cationized noncovalent complexes of the
biosurfactant and phospholipid molecules were obser-
ved. The formation of stable supramolecular comp-
lexes of the membrane phospholipids with the bio-
surfactants revealed in the experiments is considered as 
the molecular mechanism of their antimicrobial
activity.
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Â. À. Ïà øè íñüêà 
Ìàñ-ñïåê òðî ìåò ðè÷ íå äîñë³äæåí íÿ ðàì íîë³ï³äíèõ 
á³îñóð ôàê òàíò³â òà ¿õíüî¿ âçàºìîä³¿ ç ôîñ ôîë³ï³äàìè 
êë³òèí íèõ ìåì áðàí
Ðå çþ ìå
Ìåòà. Ïå ðåâ³ðèòè ìîæ ëèâ³ñòü ôîð ìó âàí íÿ ñóï ðà ìî ëå êó ëÿð -
íèõ êîì ïëåêñ³â á³îãåí íèõ ðàì íîë³ï³ä³â òà ìåì áðàí íèõ ôîñ -
ôîë³ï³ä³â, ùî ðîç ãëÿ äàºòüñÿ ÿê ìî ëå êó ëÿð íèé ìå õàí³çì àí-
òèì³êðîá íî¿ ä³¿ öèõ á³îñóð ôàê òàíò³â. Ìå òî äè. Ó ïðåä ñòàâ -
ëåí³é ðî áîò³ çðàç êè ðàì íîë³ï³äíèõ á³îñóð ôàê òàíò³â, ïðî äó êî -
âàí³ øòà ìîì Pseudomonas sp. PS-17, âïåð øå äîñë³äæå íî çà äî-
ïî ìî ãîþ ìå òî äó ìàñ-ñïåê òðî ìåòð³¿ ç ³îí³çàö³ºþ åëåê òðîñ -
ïðåºì. Ðå çóëü òà òè. Îòðè ìà íî õà ðàê òå ðèñ òè÷í³ ìàñ-ñïåê òðè 
ðàì íîë³ï³ä³â, ÿê³ ìîæ íà âè êî ðèñ òî âó âà òè ÿê ðå ôå ðåíòí³ ñïåê -
òðè äëÿ ìàñ-ñïåê òðî ìåò ðè÷ íî¿ ³äåí òèô³êàö³¿ öèõ ñïî ëóê ó
ð³çíèõ á³îëîã³÷íèõ òà òåõ íî ëîã³÷íèõ çðàç êàõ. Íà íà ñòóï íî ìó
åòàï³ åê ñïå ðè ìåíò³â âèâ ÷à ëè ïàðí³ ñèñ òå ìè çà çíà ÷å íèõ á³îñóð -
ôàê òàíò³â ç ìåì áðàí íèì ôîñ ôîë³ï³äîì äè ïàëüì³òî¿ ëôîñ ôà -
òè äèë õîë³íîì. Ó ñïåê òðàõ çàðåºñòðî âà íî êàò³îí³çî âàí³ íå-
êî âà ëåíòí³ êîì ïëåê ñè ðàì íîë³ï³ä³â ç ôîñ ôîë³ï³äîì. Âèñ íîâ êè.
Îäåð æàí³ ðå çóëü òà òè ï³äòâåð äæó þòü ìîæ ëèâ³ñòü ôîð ìó -
âàí íÿ ñòàá³ëüíèõ ñóï ðà ìî ëå êó ëÿð íèõ êîì ïëåêñ³â ìåì áðàí íèõ
ôîñ ôîë³ï³ä³â ç ðàì íîë³ï³äàìè (òàê ñàìî, ÿê ³ ç ³íøè ìè ìåì áðà -
íîò ðîï íè ìè àãåí òà ìè), ùî ïî â’ÿ çó þòü ç àí òèì³êðîá íîþ ä³ºþ
öèõ á³îñóð ôàê òàíò³â. Ïî êà çà íî ïåð ñïåê òèâí³ñòü âè êî ðèñ òàí -
íÿ ìå òî äó ìàñ-ñïåê òðî ìåòð³¿ ç ³îí³çàö³ºþ åëåê òðîñ ïðåºì äëÿ
³äåí òèô³êàö³¿ òà âèâ ÷åí íÿ á³îñóð ôàê òàíò³â.
Êëþ ÷îâ³ ñëî âà: ðàì íîë³ï³äè, ôîñ ôîë³ï³äè, ìàñ-ñïåê òðî ìå-
òð³ÿ, ³îí³çàö³ÿ åëåê òðîñ ïðåºì (ESI), íå êî âà ëåíòí³ êîì ïëåê ñè.
Â. À. Ïà øèí ñêàÿ 
Ìàññ-ñïåê òðî ìåò ðè ÷åñ êîå èñ ñëå äî âà íèå ðàì íî ëè ïèä íûõ 
áè î ñóð ôàê òàí òîâ è èõ âçà è ìî äå éñòâèÿ ñ ôîñ ôî ëè ïè äà ìè 
êëå òî÷ íûõ ìåì áðàí
Ðå çþ ìå 
Öåëü. Ïðî âå ðèòü âîç ìîæ íîñòü ôîð ìè ðî âà íèÿ ñóï ðà ìî ëå êó -
ëÿð íûõ êîì ïëåê ñîâ áè î ãåí íûõ ðàì íî ëè ïè äîâ è ìåì áðàí íûõ
ôîñ ôî ëè ïè äîâ, ÷òî ðàñ ñìàò ðè âà åò ñÿ êàê ìî ëå êó ëÿð íûé ìå õà -
íèçì àí òè ìèê ðîá íîé àê òèâ íîñ òè ýòèõ áè î ñóð ôàê òàí òîâ.
Ìå òîä. Â íà ñòî ÿ ùåé ðà áî òå îá ðàç öû ðàì íî ëè ïèä íûõ áè î ñóð -
ôàê òàí òîâ, ïðî äó öè ðó å ìûå øòàì ìîì Pseudomonas sp. PS-17,
âïåð âûå èç ó÷å íû ìå òî äîì ìàññ-ñïåê òðî ìåò ðèè ñ èî íè çà öè åé
ýëåê òðî ñïðå åì. Ðå çóëü òà òû. Ïî ëó ÷å íû õà ðàê òå ðèñ òè ÷åñ êèå
ìàññ-ñïåê òðû ðàì íî ëè ïè äîâ, êî òî ðûå ìîæ íî èñ ïîëü çî âàòü
êàê ðå ôå ðåí òíûå ñïåê òðû äëÿ ìàññ-ñïåê òðî ìåò ðè ÷åñ êîé
èäåí òè ôè êà öèè ýòèõ ñî å äè íå íèé â ðàç ëè÷ íûõ áè î ëî ãè ÷åñ êèõ
èëè òåõ íî ëî ãè ÷åñ êèõ îá ðàç öàõ. Íà ñëå äó þ ùåì ýòà ïå ýêñ ïå ðè -
ìåí òîâ àíà ëè çè ðî âà ëè ïàð íûå ñèñ òå ìû ðàì íî ëè ïè äîâ è ìåì -
áðàí íî ãî ôîñ ôî ëè ïè äà äè ïàëü ìè òî èë ôîñ ôà òè äèë õî ëè íà. Â
ñïåê òðàõ çà ðå ãèñ òðè ðî âà íû êà òè î íè çè ðî âàí íûå íå êî âà ëåí -
òíûå êîì ïëåê ñû ðàì íî ëè ïè äîâ ñ ôîñ ôî ëè ïè äîì. Âû âî äû. Ïî -
ëó ÷åí íûå ðå çóëü òà òû ïîä òâåð æäà þò âîç ìîæ íîñòü îá ðà çî-
âà íèÿ ñòà áèëü íûõ ñóï ðà ìî ëå êó ëÿð íûõ êîì ïëåê ñîâ ìåì áðàí íûõ 
ôîñ ôî ëè ïè äîâ è ðàì íî ëè ïè äîâ (ïî äî áíî äðó ãèì ìåì áðà íîò -
ðîï íûì àãåí òàì), ÷òî ñâÿ çû âà þò ñ àí òè ìèê ðîá íûì äå éñòâè -
åì ýòèõ áè î ñóð ôàê òàí òîâ. Ïî êà çà íà ïåð ñïåê òèâ íîñòü èñ-
ïî ëüçî âà íèÿ ìå òî äà ìàññ-ñïåê òðî ìåò ðèè ñ èî íè çà öè åé ýëåê -
òðî ñïðå åì äëÿ èäåí òè ôè êà öèè è èç ó÷å íèÿ áè î ñóð ôàê òàí òîâ. 
Êëþ ÷å âûå ñëî âà: ðàì íî ëè ïè äû, ôîñ ôî ëè ïè äû, ìàññ-ñïåê -
òðî ìåò ðèÿ, èî íè çà öèÿ ýëåê òðî ñïðå åì (ESI), íå êî âà ëåí òíûå
êîì ïëåê ñû.
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